Radiation can be shown to produce satisfactory results in the treatment of simple bone cyst, chondroma, angioma, and benign giant-cell tumour. It is of particular value in benign giant-cell tumour where there are grounds for the opinion that it should largely replace surgical methods.
THE role of radiation in the treatment of bone tumours has aroused considerable controversy, and opinions, even of people well qualified to judge, vary so widely that one is forced to conclude that it is not possible, at this stage, to make any dogmatic statement. The general consensus of opinion appears to be that radiation therapy is of little value in osteogenic sarcomata, yet successes are claimed by a number of workers; and, on reviewing the literature, one finds in many instances where poor results were obtained, that the technical factors employed have been such that success was improbable either on account of the dosage given or the method of administration. Personal experience leads one to believe that this uniformly pessimistic outlook is not justified and that in radiation there exists a method of treatment which is of uindoubted value in certain bone tumours, and is in some cases superior to any other form of treatment at present available. In this communication it is proposed to discuiss four benign and four malignant bone tumours in which radiation therapy may be shown to be of value. The benign conditions are simple bone cyst, chondroma, angioma, and benign giant-cell tumour, while the malignant lesions are primary osteogenic sarcoma, metastases, myeloma, and Ewing's tumour.
General considerations regaqding dosage. Heretofore no hard and fast rules have existed in relation to the radiotherapy of bone tumouirs. In general, however, it may be stated that those workers who have endeavoured to go to the limit of tolerance have not met with success. In fact, in certain cases disaster has resulted from their courageous efforts. For this reason many have gone to the opposite extreme and have limited the treatment to dosage levels which could not with reason be expected to produce therapeutic results. Much of the statistical evidence available in the literature is not, therefore, representative of the possibilities of radiation therapy and may be misleading.
If we consider bone from the anatomical and physiological point of view we find that it differs from other tissues which we are commonly called upon to treat, first, because of its greater calcium content and correspondingly greater power of absorbing radiation, and secondly, in relation to its blood supply which, for anatomical reasons, may not be increased to the extent which is possible in the case of the soft tissues when subjected to an injury, either in the form of radiation or infection. It is this latter fact which would appear to be of greater importance. There is considerable ground for the belief that vascularity plays an important part in determining both the tolerance and the therapeutic response following radiation. Thus we find that in the case of a vascular area of skin, such as the scalp, very large doses of radiation may be tolerated, while dosage to a relatively avascular area, such as the back of the hand, must necessarily be limited or permanent damage will result. Similarly, lesions in a vascular bed, such as the skin of the face or scalp, respond well to radiation treatment while a similar lesion on the back of the hand will be cleared up with difficulty and only with a technique specifically designed to minimize the damage which will be caused to the normal tissues. A good blood supply would, therefore, appear to be necessary, not only to ensure the complete recovery of the normal 3 Section of Radiology 475 tissues, but for the production of satisfactory radiotherapeutic effects on the tumour. This view serves to explain why post-syphilitic epitheliomata of the tongue, with associated endarteritis, do not respond well to radiation, and probably, therefore, it explains why a bone tumour with limited facilities for expanding its blood supply presents a difficult radiotherapeutic problem.
In pursuance of this thesis I should like to put before you one other biological conception, namely that a dose of radiation may in fact be ineffective through being excessive, with the result that the vascularity of the normal tissues is so rapidly devitalized that the desired therapeutic effect is not obtained. This phenomenon is most commonly seen following radium implantations of the breast where a hard residual mass will frequently be found to consist of viable and potentially active malignant cells incarcerated in fibrous tissue produced as a result of the intense local radiation.
This vascular conception, therefore, determines the approach to the problem of radiation therapy in bone conditions and explains why techniques employing high dosage levels have not met with success. It likewise explains the futility of unduly small doses since radiation is, so to speak, already working under adverse conditions in relation to the vascularity of the tumour bed. The aim in treatment should be to deliver the maximum possible dose which will fall short of exciting a severe reaction. With this end in view it has been my practice to deliver a dose of 2,500-3,000 r throughout the tumour zone by daily treatments over a period of three weeks, employing radiation with an effective wave-length of 0412 A.U. and with a dosage rate, with scatter, of 2-3 r per min. on the skin at 50 cm.
With this technique, at this dosage level, the reaction produced on the overlying skin will not exceed a brisk erythema with desquamation, the reaction subsiding almost completely within three weeks of the completion of treatment. Two months later the reaction will have entirely subsided, the vascular tissues will have readjusted themselves to the altered conditions which have been brought about, and it is then possible, and frequently advisable, to repeat this course of treatment.
The question of biopsy in bone tumours. The desirability of obtaining histological evidence of growth type is appreciated by all, but many workers believe that in the case of bone tumours the risk of dissemination is so great that the procedure is not justified. A modified procedure which has given satisfactory results is that of aspiration biopsy, a needle of moderate size being inserted into the tumour and a portion removed within the lumen of the needle.
Simple bone cysts.-Scant reference is made in the literature to the treatment of simple bone cysts by radiation, yet this method of treatment will usually suffice to arrest the growth of the pathological process and induce a sclerotic reaction which will ultimately replace the cystic process. Two cases which received treatment by radiation only exemplify the type of response which may be anticipated following radiation therapy in this condition.
Case I ( fig. 1 ). R. McK., a boy aged 12, was first seen in March 1934 when he gave a history of a fall injuring his left arm six years previously. There was no evidence of fracture at that time but intermittent pain had been felt in the arm since the injury. On examination thickening of the shaft was palpable and X-ray examination showed a simple bone cyst involving the upper two-thirds of the humeral shaft. Treatment was carried out entirely by X-rays; two diametrically opposed long narrow fields being employed and a dose of 3,000 r being delivered throughout the tumour 7one by daily radiation over a period of three weeks. During the first year slight change only was noted following treatment, and in April 1935 an additional 1,500 r were delivered over a period of twelve days. Further improvement was noted following this treatment. When last examined at the end of 1938, four and a half years after the original treatment, X-ray examination showed almost complete regeneration of the cortex with considerable obliteration of the original cystic area. The patient is now doing a fuill day's work as an apprentice engineer.
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Proceedings of the Royal Society of Medicine Case 11 ( fig. 2 ). PR. S., a boy aged 12, was referred for treatment in September 19315 complaining of a painless swelling on the anterior aspect of the right tibia which had been present for a number of years. X-ray examination at this time showed the condition to be that of a simple bone cyst. A single course of X-ray therapy was administered through two diametrically opposed long narrow fields, and a dose of 3,000 r was delivered throughout the tumour zone by dailv radiation over a period of three weeks. No obvious change was noted until four months later when there was evidence of a sclerotic reaction around the cystic area. This has become progressively more marked until, some three years after treatment. the cystic area is almost ccmpletely sclerosed. Clinically the patient is symptom-free.
Chondroma.-Opinions are somewhat conflicting regarding the radio-sensitivity of chondromata. Most observers are of opinion that the response varies but that Sectwn oJ Nad logy47 Case III (fig. 3 ).-N. S., a boy aged 12, was admitted in July 1936 complaining of pain in the right hip following a slight injury three weeks previously. On -investigation X-ray examination showed a typical chondroma involving practically the whole of the neck of the right femur with a moderate degree of expansion. Treatment was carried out by X-rays alone, three ports of entry being employed and a dose of 3,000 r being delivered to the area by daily radiation over a period Proceedings of the Royal Society of Medicine 6 of three weeks. Sclerotic reaction was noted three months later, but as complete sclerosis had not occurred at the end of a year the course of X-ray treatment was repeated. This was followed by further improv ement and when last seen at the end of 1938, twvo and a half years after the initial treatment, the patient walked well, without pain, an(d X-ray showed almost complete sclerosis of the tumour zone. Angioma.-Angioma is a relatively uncommon lesion affecting, as a rule, an isolated vertebral body. During the last five years only three such cases have been referred for treatment at the Western Infirmary. The condition is amenable to X-ray therapy which is unquestionably the treatment of choice.
( ase IV (fig. 4 ).--J. AI., a male patient aged 47, sought adxvice at the hospital in June 1935 on account of pain, in the left kidney region, of six months' duration. Clinical examination was negative but X-ray examination revealed an angioma of the 4th lumbar x-ertebra. Treatment was carried ouit entirely by X-rays through three ports of entry, one anterior and two posterior, directedI on to the bodly of the 4th lumbar vertebra, deliverin s a total dose of 3,00() r to the vertebral body by daily radiation over a period of three weeks. Symptomatic improvement was not obtained until four months after treatment. Following this the patient steadily improved and in due couirse a sclerotic reaction was noted in the diseased v-ertebra. The patient is now on full work as a waggon repairer and is (qtiite symptom-free, three and a half vears after treatment.
Benign giant-cell tumour. It is a matter for regret that the value of radiation therapy for this condition does not appear to have been appreciated in this country. Elsewhere, radiation therapy has produced such satisfactory results in the treatment of benign giant-cell tumour that it is now regarded, practically without question, as the methcd of choice. The end-result of extensive curettage over a large area in close proximity to the articular surface of a major joint is frequently disappointing 7 Section of Radiology due to collapse of the thin bony shell. The functional disability in these cases is such that one wonders why the surgeon has not sought a more conservative method of treating such lesions. Happily surgical opinion appears to be changing and I am fortunate in having been given the opportunity of treating a number of these cases entirely by X-rays.
Ca(se V (figs. 5 and 6).-1M. AcI ., a female patient aged 56, was admitte(d in April 1934 for pain and swelling of the jaw of nine months' duration. The rig,ht ramus of the mandible wNas found to be expanded over an area some 6 cm. in length, involving the molar, premolar, and incisor regions, and X-ray revealed a benign giant-celled tumour. For a period of three weeks the patient was treated by a combination of radium and X-rays. the radiuim being applied to the internal surface of the alveolus on a dental mould, and the X-rays externally. A dose of 6,000 r was delivered to the mucosal surface by the radium mould and 3,500 r were delix-ered to the skin by the X-ray field. The combined dosage was such that the tumour received a maximum dosage of 5,700 r and a minimum dosage of 4,000 r. Details of the energy distribution are shown in fig. 5 . Two months later there wvas clinical ev-idence of regression of the growth buit no radiological change was apparent until about six months later. Thereafter, progressive improxvement follow%ved, and ei-hteen months-subseq1uent to treatment the contour of the bone had been almost completely restored. AWhen last seen in September 1938, four and a half vears after treatment, the patient was symptom-free. Case VI ( fig. 7 ). M. K., a female aged 45, sought advice in June 1934 for an intermittently painful swelling, below the right knee, which had been present for about a year. On examination there was some slight fullness of the upper end of the right tibia, and X-ray showve(d a typical benign giant-cell tumour involving the upper end of the tibia with marke(d thinning of the cortex, particularly in relation to the articular surface. X-ray treatment was given through two diametrically opposed fields, delivering a dose of 3,000 r throughout the tumour zone in a period of three weeks. The first evidence of improvement was noted three months later. In a further six months sclerosis was not yet complete and a further 2,400 r were delivered to the tumour in a period of three -weeks. Improvement following this w,vas progressi-ve, the walls of the cystic area becoming sclerose(I and thickened and a general sclerosis occurring throughout the ttumour. \When last seen at the end of 1938, the patient was symptom-free.
In the treatmnent of bone tumours, but more particularly in the case of benign giant-cell tumour, there is one point which demands special attention. D)uring the first eight weeks following treatment the reaction is such that considerable local decalcification occurs and the unwary observer might take the view that radiation was producing an adverse effect on the tumour. It is of the utmost importance to appreciate and recognize this characteristic change since any attempt at surgical intervention at this stage is usually unsuccessful.
Primary osteogenic sarcoma.-The general consensus of opinion among both radiologists and surgeons is that radiation therapy is of little value in the treatment of primary osteogenic sarcoma, and there is wide acceptance of the view that early radical surgery is the only effective means of treatment. While this view is undoubtedly correct one encounters cases in which, for technical reasons, radical amputation is not feasible and in such instances there would appear to be a field for radiation therapy. Osteogenic sarcoma, it is true, is a relatively resistant type of tumour but, given appropriate treatment, it may be made to respond to an extent which can produce, at least, effective palliation. This Proceedings of the Royal Society of Medictne 10 be so designed as to avoid any severe reaction, and the dosage should be determined with a view to producing growth restraint. For reasons which have already been (liscussed, no attempt should be made to carry the dosage to a high level.
In some clinics it is the custom to subject the patient to post-operative irradiation of the chest following amputation of a limb for osteogenic sarcoma. This procedure, which is carried out as a prophylactic measure is, in my opinion, entirely unsound for two reasons. First, the dose which would be required to deal with a metastatic (leposit from a tumour of this type is such that it could not be tolerated if delivered to the entire chest, 'and any lesser dose is unlikely to be of material value. Secondly, the radiation of a large volume of tissue, particularly in the chest and ribs, results in considerable damage to the blood, a complication which is far from desirable in any person suffering from malignant disease.
Case IlII (fig. 8 ).--T. I)., a male aged 45, was admittedl to hospital in March 1936 complainingof an intermittently painful swelling in the right thigh of four months' duration. On examination a hard swelling wvas palpable on the antero-me(lial aspect of the upper thirdl of the right femulr, immediately below! the lesser trochanter, and X-rays revealed an osteo-enic sarcoma. On accotint of the site of the lesion and the uniformly disappointing results which had in the past followed radical amputation, the surgeon in charge of this case referred the patient for X-ray therapy. This was carried out over a period of four weeks commencing on Alarch 28, 1936. Two large A _~~~~~~~( a) (b)) 11GIc. 8. (Osteog,enic sarcoma. (a) Before treatment. Two years and three months later. rectanguilar fields were employed, anterior and posterior, andI a dose of 3,000 r was delivered throughout the tuimour zone in a periodI of three wveeks. Improvement was first noted six months later, the bony spicules associated with the primary tumour disappeared and the palpable tumour decreased in size uintil the thigh was little largyer than that of the other side. in June 1938, twvo years and three months after his initial treatment, the patient reported at the hospital and was found to have an oval swelling at the lower edge of the previously treated area. It was assumed that this was a local extension at the periphery of the treated zone and further X-ray treatment was accordingly undertaken, a (lose of 3,000 r being delivered throug(houit the tumouir zone in three weeks by anterior 11 Section of Radiology 483 and posterior fields. This was followed by regression of the tumour mass and, in view of the fact that there was no evidence of pulmonary metastasis, the surgeon was approached with a view to considering, once more, the possibility of amputation. This, however, was not deemed advisable, and it was decided to review the case periodicallv and attempt to control any further recurrences by radiation. The patient has resumed his normal occupation as a surfaceman.
iMetastases.-Everyone is alive to the possibilities of effective palliation by means of X-rays in the case of isolated metastasis, and many workers have drawn attention to the great relief from pain which can be afforded to the patient by this means. Metastases from mammary carcinoma appear to be particularly amenable to treatment and one should never hesitate to treat an isolated bone metastasis from this condition. There is no justification for the view that, since the ultimate prognosis in metastatic bone tumours is hopeless, it is uneconomic to employ X-rays as a therapeutic measure. In such cases, if the demands for X-ray treatment be great, quite effective palliation might be carried out by the administration of a single massive dose of 1,000-1,500 r. Case TVIII ( fig. 9 ). J. N., a female aged 49, following removal of a malignant ovarian tumour three years previously, sought advice in April 1937 on account of pain in the left shoulder which had been present for about four months. On examination tenderness was elicited at the upper end of the left humerus with slight local swelling and X-ray examination showed an extensive area of bone destruction involving the medial portion of the upper end of the shaft. Further metastatic deposits were outlined in the scapula. It was decided to administer palliative treatment ...... in the form of a single massive dose of X-rays. This was carried out through two large rectangular fields, anterior and posterior, a dose of 1,000 r being delivered throughout the tumour zone. This was followed by immediate relief from pain, despite the fact that X-ray examination, conducted one month later, appeared to indicate an extension of the lesion. A month later, however, there was obvious decrease in the size of the tumour and a sclerotic reaction subsequently developed at the site of the metastatic deposit. When last seen at the end of 1938, one year and nine months after treatment, she had no pain in the arm and movements were almost complete.
Myeloma.-While cases of isolated plasmocytoma have been described, most authorities are of opinion that this occurs somewhat infrequently as an isolated 484 Proceedings of the Royal Society of Medicine lesion and that the condition is usually one of multiple myelomatosis. There is ample evidence to show that tumours of this type are uniformly radiosensitive and, for this reason treatment, although it be palliative only, should not be withheld. Definite, and in some cases dramatic, regression of tumour masses may be brought about, life may undoubtedly be prolonged, and considerable relief from pain is usually obtained.
Case IX ( fig. 10 ). J. F., a female aged 60, was admitted to hospital on February 5, 1938. complaining of a swelling of the left cla-icle which she stated had been present for over a year, On examination there was a tumour mass, some 10 cm. in diameter, apparently originating on the inner half of the left clavicle and bulging anteriorly. X-ray examination showed the medial half of the left clavicle to be expanded with coarse trabeculation. A provisional diagnosis of benign giant-cell tumour was macle but it was decided to perform a biopsy. Prior to obtaining the pathological report treatment was commenced on the assumption that the condition was one of benign giant-cell tumour, the proposed scheme being to deliver 3,000 r to the tumour in three weeks. At the end of the first week the pathological report was to hand, showing the condition to be one of plasmocytoma. Treatment was arrested at this time, after the lesion had received a dose of 1,000 r and, despite the moderate dosage given, considerable tumour regression followed.
Ewing's tumour. Most authorities are agreed that Ewing's tumour is comparatively radiosensitive. Unfortunately the diagnosis is frequently not established 
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Section of Radiology 485 until after surgical intervention has been undertaken and dissemination has, in all probability, occurred. If, however, an early diagnosis can be made, radiation therapy would appear to offer a reasonable measure of success without the disability following amputation.
Case X (fig. 11 ). W. P., a young man of 21 years, was admitted in October 1936, complaining of pain and swelling, of two months' duration, in the lower part of the left thigh. On examination there was an ill-defined swelling over the lower third of the left femur apparently associated with the bone, and X-ray examination revealed a localized area of rarefaction with considerable periosteal reaction in the lower third of the femur this, in parts, being suggestive of the onion-like layering seen in Ewing's tumour. There was no evidence of pulmonary metastasis. No biopsy was performed, but in view of the clinical and radiological diagnosis of Ewing's tumour it was decided to treat, in the first instance, by X-rays and to determine the further course in relation to the initial response. Treatment was carried out over a period of two weeks commencing October 8, 1936. Two large rectangular fields were employed and a dose of 2,000 r was delivered throughout the tumour zone. Immediately following this there was evidence of decalcification, giving an impression of extension of the rarefactive process. A month later, however, the tumour had decreased in size and X-ray examination showed commencing sclerotic reaction. In view of this favourable response it was decided to continue X-ray therapy and a further 2,000 r were delivered throughout the tumour zone by weekly radiation over a period of six weeks. The 
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Proceedings of the Royal Society of Medicine initial favourable response has been maintained and when recently seen, two vears and three months after the original treatment, the patient was enjoying perfect health, doing a full day's work, and the shaft of the femur showed only local sclerosis at the site of the original lesion.
In conclusion I should like to mention one isolated case which, while not fitting into any of the eight headings which I have discussed, is of particular interest in relation to radiation therapy in tumours of bone.
Case XI ( fig. 12) . P. D., a man aged 56, w-as admitted in November 1931 complaining of a swelling of the right jaw which had been present for some six months. On examination he was fotind to have a tumour involving the floor of the mouth and the mandible on the right side. X-rav examination showed extensive replacerment of the right side of the mandible by tumouir tissue. Biopsy showed the condition to be one of round-cell sarcoma. The case was treated entirely by X-rays, three fields being employed, delivering an estimated dose of 3,000 r to the tumour zone in a period of three months. The tumour cleared up completely and the jaw is almost fuilly regenerated. This patient is symptom-free seven years after his treatment. It is a pleasure to acknowledge the very helpful co-operation which has been extended to me in the investigation and treatment of these patients by my medical and surgical colleagues on the staff of the Western Infirmary, Glasgow.
